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Abstract 
Landslide dam failure is one of the most serious natural hazards worldwide. These days, the adverse impact caused 
by landslide dam has increased significantly due to the effect of climate change and overpopulation. This study 
presents the experiment describing the failure by overtopping of landslide dam in 3D shape and also proposes the 
2D surface flow erosion/deposition model to simulate the breach, as well as, provide a good prediction of outflow 
hydrograph. The experimental results indicated both bottom erosion and side bank erosion play important role in the 
evolution of the landslide dam breach shape. The measured peak discharge was many times greater than the normal 
supplied discharge. The results obtained from numerical were then compared and showed good matching with those 
performed by experiment. 
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1. Introduction 
 Landslide dam presents as a natural blockage of river by hill slope-derived mass movement [1]. Intense rainfall, 
rapid snow melts, volcanic eruptions, and earth quake are the most common landslide dam trigging factor [2]. 
Landslide dam may fail by variety of process including overtopping, abrupt collapse or progressive failure [3]. 
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However the most common failure mechanism is overtopping [4]. Over the last decades, the damages caused by 
landslide dam disaster have been increased significantly due to the effect of climate change and overpopulation .If 
the landslide dam fails, the discharge of a huge volume of both water and sediment can results in a catastrophic 
flood situated in the downstream area. Therefore, in order to provide adequate safety measures, thus reduce losses, 
the outflow hydrograph and its corresponding peak discharge have to be well predicted. In most of the previous 
studies, landslide dam is assumed to be failed either from full channel width or from partial channel width [5, 6, and 
7]. However these assumptions are still not absolutely correct. The field observation made by [8] and the 
experiments performed by [9] indicated that the landslide dam shapes have a continuous decrease of height in lateral 
direction instead of a constant height with a notch. Through experiments and numerical method, this study aims to 
describe the failure process of landslide dam having 3D shape, as well as, provide an approach to have a good 
prediction of the outflow hydrograph. 
2. Experimental method 
The experiments were carried out in a flume, 5.0 m long, 0.5 m wide, and 0.6 m deep. This one-side glass flume 
was fixed with a bottom slope (θ) of 1:500. The dam is located at 2.0 m from the inlet of the flume. Fine sand of 
mean diameter 0.42 mm was used to prepare landslide dams in the flume. The geometry of the landslide dam is 
determined by the following parameters: the longitudinal base length (LB) is 0.9 m, the width of landslide dam (W) 
is equal to the flume width which is 0.5 m, and the right height (hr) and the left height (hl) of the dam are 0.2 m and 
0.1 m, respectively. A constant inflow discharge of 233cm3/s was supplied at the upstream end of flume. A grid size 
scale 5.0 cm long × 2.0 cm height covering the shape of the landslide dam was set at the glass side wall to record the 
changes of dam surface at different time. The whole processes including the variation of water level in the reservoir 
and the evaluation of breach were captured by two digital cameras. One camera was place at the top in front of the 
landslide dam and the other was placed at the left side of flume. In order to measure the outflow hydrograph, a series 
of buckets was prepared at the downstream end of the flume. The average discharge in every 5 second after the dam 
break was calculated by the volume of water collected by one bucket in the same 5 seconds period. The flume 
experiment set up is presented in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 Fig.1 Experimental setup of the failure of landslide dam caused by overtopping 
3. Numerical method 
The mathematical model developed by [10] was used to investigate the surface flow and erosion/deposition on 
the surface of the model slope. The depth-wise averaged 2D momentum equations for the x-wise (down valley) and 
y-wise (lateral direction) respectively are. 
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where M (=uh) and N (=vh) are the flow discharge per unit width in the x and y direction; u and v are the depth-
averaged velocity in the x and y direction; h is the water depth; g is the gravitational acceleration; β is the 
momentum correction factor equal to 1.25 for stony type debris flow and 1.0 for both an immature debris flow and a 
turbulent flow; θb is the bed slope; zb is the erosion or deposition thickness measured from the original bed 
elevation; τb is the bottom shear stresses in the x direction; ρT is the mixture density [ρT = c σ+(1- c)ρ]; sb is the 
degree of saturation in the bed; i is the rate of hydraulic erosion or deposition from the flowing water; c is the 
sediment concentration in the flow; *c is the maximum sediment concentration in the bed; ρ is the density of water; 
σ is the density of the sediment particles, and isml and ismr are the mean recessing velocity of the left and right hand 
side banks of the incised channel. 
4. Results and discussions 
After the formation of the dam, a steady discharge of 223cm3/s from the upstream part of the flume was supplied 
to create an artificial reservoir. The observation showed that at the time t=350s the flow started to overtop the dam. 
The breach was developed firstly at the left side in the lowest point of the dam crest. The overtopping flow then 
eroded the downstream surface of the dam creating an erosion gully. This gully was gradually deepened 
continuously by bottom erosion and enlarged to the right side by the effect of side bank erosion. Finally, at the time 
t=514s, the eroded surface at dam crest position was observed to reach the bottom slope Figure 2. The Figure 3a 
present the comparison of dam surface erosion at the right side of flume between simulated and experiments. 
Though there were some small gaps, the simulated surface at various time steps in was similar to observed data.  On 
the other hand, the variation of the cross sectional shape at the dam crest was simulated in Figure 3b. In some early 
stage, from overtopping time to about 420 second the erosion channel was eroded significantly in both downward 
and lateral direction due to the bottom and side bank erosion. However, in the later stage, after the time 420s these 
erosion processes, especially the side bank erosion reduced remarkably. It was due to the drop of surface flow height 
resulting in the decrease of erosion velocity. Finally, the simulated and experimental outflow discharge was 
compared in Figure 4. The simulated peak discharge was 1399cm3/s which was similar to observed value of 
1316cm3/s. This peak discharge was nearly 6 times greater than the supplied discharge of 223cm3/s. The results also 
present a good matching in tern of main trend and value of outflow hydrograph with the Nash coefficient is 0.8.  
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Fig.2 Failure process of landslide dam caused by overtopping 
 
 
 
 
 
 
 
 
 
Fig.3 a) Variation of the longitudinal profile; b) evolution of breach at the dam crest position 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Outflow hydrograph 
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5. Conclusions 
This study performed an experiment to describe the failure process of landslide dam having 3D shape by 
overtopping. The results indicated that the variation of the breach is greatly dependent on the bottom and side bank 
erosion. The peak discharge caused by landslide dam failure is many times greater than the normal supplied 
discharge. The proposed model is verified with the observation data and reasonably reproduced the resulting outflow 
hydrograph. The predicted outflow hydrograph can be used of disaster preparedness. For further study, more 
experiments with different landslide dam shape and supplied discharge need to be done to create more landslide dam 
failure scenarios and accurately verify simulated model. 
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